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We present detailed energy dispersions near the Fermi level on the monolayer perovskite ruthenate
Sr2RuO4, determined by high-resolution angle-resolved photoemission spectroscopy. An orbital
selectivity of the kink in the dispersion of Sr2RuO4 has been found: A kink for the Ru 4dxy orbital
is clearly observed, but not for the Ru 4dyz and 4dzx ones. The result provides insight into the
origin of the kink.
PACS numbers: 74.70.Pq, 74.25.Jb, 79.60.-i
I. INTRODUCTION
The sudden change of the group velocity, so-called
“kink”, of the dispersing peak in angle-resolved pho-
toemission spectroscopy (ARPES) spectra is widely
reported in the high-temperature superconducting
cuprates.1,2,3,4,5 Nevertheless, the interpretations of the
kink have been controversial. In previous works, elec-
tronic coupling to a bosonic mode such as phonons3,4,6
or magnetic excitations7,8,9,10 has been discussed as its
origin. Recently, we have found a similar kink of the
layered strontium ruthenates,11 meaning that the kink
is not peculiar to the cuprates. The layered ruthen-
ates are isostructural to the cuprates, while the elec-
tronic and magnetic properties are quite different. The
electronic structure close to the Fermi level (EF) of the
layered ruthenates is derived not only from the in-plane
Ru 4dxy−O 2p band but also from the out-of-plane Ru
4dyz,zx−O 2p ones, while for the cuprates the single in-
plane Cu 3dx2−y2−O 2p band plays a crucial role. There-
fore, ARPES study on the layered ruthenates is expected
to provide insight into the origin of the kink in transition-
metal oxides.
The monolayer ruthenate Sr2RuO4 have attracted sig-
nificant attention since the spin-triplet superconductiv-
ity was discovered below Tc=1.5 K.
12,13,14 The electronic
bands near EF are derived mainly from the Ru t2g or-
bitals; the band near EF due to the in-plane Ru 4dxy
orbital exhibits two-dimensional (2D) character with a
large energy dispersion, while the bands due to the
out-of-plane Ru 4dyz and 4dzx orbitals exhibit nearly
1D character with a small energy dispersion. Previous
ARPES and de Haas-van Alphen (dHvA) studies showed
the Fermi surface (FS) exhibiting one hole sheet (α) and
two electron sheets (β and γ),15,16 qualitatively consis-
tent with the band-structure calculation based on the lo-
cal density approximation (LDA).17,18,19,20 It should be
noted that except for the vicinity of the high symmetry
line ΓX , the α and β sheets are derived from the Ru 4dyz
and 4dzx orbitals, while the remaining γ sheet is from the
Ru 4dxy orbital. Moreover, along the ΓX line, it is diffi-
cult to assign the orbital character to each sheet because
those bands approach one another towards EF and the
hybridization among the different orbitals becomes sig-
nificant (see Fig. 1). The experimental geometry in our
previous work was this,11 and hence we could not ob-
serve any conclusive relationship between the kink and
the orbital, although such information should provide a
key to elucidate the origin of the kink. In this paper, we
present detailed band dispersion of Sr2RuO4 not along
the ΓX line but the ΓM and MX lines, determined by
high-resolution ARPES, to elucidate the orbital selectiv-
ity of the kink. The spectral intensity of the band near
the M point along the ΓM line is drastically reduced
with increasing the angle of the incidence of the light,
indicating that the band has the in-plane 4dxy orbital
character. A kink in the dispersion is clearly shown for
this xy band, while not for the yz and zx ones.
II. EXPERIMENTAL
High-quality Sr2RuO4 single crystals were grown by
the floating zone method with a self-flux technique, re-
sulting in a sharp superconducting transition at Tc∼1.36
K.22,23,24 Figure. 1 shows the FSs of Sr2RuO4, recorded
at a high-resolution and high-flux undulator beamline
(BL-28) of the Photon Factory. Since the FSs are consis-
tent with the LDA band-structure calculation19 (white
lines) and the previous ARPES result,16 the quality of
our samples should be high enough to investigate de-
tailed band dispersions. Except for the data in Fig. 1,
all the ARPES measurements were carried out at BL-
1 of Hiroshima Synchrotron Radiation Center (HSRC)
in Hiroshima University,28,29 using 29 eV photons at 10
K. The radiation is linearly polarized in the horizontal
plane of incidence. The sample goniometer provides in-
dependent polar and tilt rotations of the sample (R-Dec
Co. Ltd., i GONIO LT).30 The beamline is equipped
with a high-resolution, hemispherical electron analyzer
(SCIENTA ESCA200). In order to obtain clean surfaces,
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FIG. 1: (Color online). EF intensity map taken with 65
eV at 30 K. White lines denote the FSs based on the LDA
calculation.19
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FIG. 2: (Color online). (a) The calculated energy bands of
Sr2RuO4 along the ΓZ line,
19 and (b) the intensity plot of
the ARPES spectra along the (0.5pi,0)-(1.5pi,0) line. Each
line style in (a) denotes the different irreducible expressions:
Σ1 (dotted), Σ2 (dashed), Σ3 (solid), Σ4 (thick).
we cleaved the samples in situ in ultrahigh vacuum bet-
ter than 1 × 10−10 Torr at 10 K. A surface state near
the M point due to the rotation of RuO6 octahedra at
the surface was observed for the fresh surface,25,26 but
was almost eliminated by aging the sample surface in
situ.27 The replica of FSs in the bulk due to the sur-
face rotation was not shown on the aged surface used
here, and the coherent peak dispersion and line shape
were consistent with the dHvA results and the LDA
band predictions.15,17,18,19 The angular resolution was
0.5◦ (vertical) ×0.3◦ (horizontal) and the spatial reso-
lution of the angular window (0.3◦) corresponds to the k
resolution of 1.1 % of the ΓM line. The total instrumen-
tal energy resolution was set to 20 meV. The emission
angle of the photoelectron with respect to the surface
normal was varied by rotating the polar and tilt axes of
the sample.
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FIG. 3: (Color online). The experimental configuration and
the intensity plot of Sr2RuO4 along the (pi,0)-(1.5pi,0) line for
two θi’s; (a) θi = 20
◦ and (b) θi = 70
◦.
III. RESULT
Figure 2 (a) shows the calculated energy bands of
Sr2RuO4 along the ΓMZ line near EF. There are two
bands crossing EF: the band near the M point is due to
the 4dxy orbital (thick line) and the other band far from
the M point is due to the 4dzx one (solid line).
21 As
seen in Fig. 1, the xy and zx bands compose the electron-
like FS sheets γ and β, respectively. Along the MX line,
there is a band crossing EF due to the 4dyz orbital, which
composes the hole-like α sheet. Figure 2 (b) shows the in-
tensity plot of ARPES spectra along the (0.5pi,0)-(1.5pi,0)
line together with the calculated dispersions of zx and xy
bands. At first sight, two prominent spectral features
are clearly observed in both the first [(0,0)-(pi,0)] and the
second [(pi,0)-(2pi,0)] Brillouin zones. Solid and dashed
lines are the calculated dispersions along the ΓMZ and
ZMΓ lines, respectively. The slight difference between
them represents the very small energy dispersion along
the kz direction, indicating the strong 2D character of
the electronic structure in Sr2RuO4. Comparing the ex-
periment with the calculation, one can suppose that the
spectral feature adjacent to the M point is derived from
the xy band, and the other is from the zx band, although
there exists an appreciable difference in the Fermi mo-
mentum (kF) between the calculation and experiment in
the zx band.
To determine precisely the orbital character of the two
observed spectral features, we have selected two differ-
ent angles of incidence (θi) of the light. Figure 3 shows
the experimental configurations and the corresponding
intensity plots in the second Brillouin zone for different
two θi’s; the nearly (a) normal (θi=20
◦) and (b) parallel
(θi=70
◦) with respect to the sample surface (xy-plane).
The spectral feature in the vicinity of the M point be-
comes obscure as θi is increased. According to the optical
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FIG. 4: (Color online). (a) FSs of Sr2RuO4 derived from the
LDA calculations. The measured momentum area in (b)-(e)
are shown by the thick lines. (b) and (c) Intensity plot of the
ARPES spectra along the (pi,0)-(1.5pi,0) line and the MDC-
derived dispersions (open circles) together with the calculated
band structure. (d) and (e) Same as in (b) and (d) except the
observed momentum area is now changed along the (0.3pi,pi)-
(0.8pi,pi) line.
selection rule, the cross section of the Ru 4dyz and 4dzx
orbitals is enhanced for the parallel photons, compared
with that of the Ru 4dxy orbital. Therefore, the drastic
reduction of the spectral weight for the band near the M
point at the larger θi indicates that this band is derived
from the Ru 4dxy orbital, while the other is derived from
the Ru 4dzx orbital. This assignment is consistent with
the LDA calculations, as shown in Fig. 2 (a).
Figure 4 shows the intensity plot of the ARPES spec-
tra along the (pi,0)-(1.5pi,0) and (0.3pi,pi)-(0.8pi,pi) lines
and the dispersions (open circles) derived from the mo-
mentum distribution curve (MDC) together with the cal-
culated dispersions of xy and zx bands. The FSs and
the measured momentum area (thick lines) are shown
in Fig. 4 (a). In Fig. 4 (b), one can observe a clear kink
structure in the xy band, while such a kink is not observed
in the zx band. This observation is further confirmed by
Fig. 4 (c), where the dispersions (open circles) derived
from the MDC is compared with the calculated dispersion
of the xy and zx bands. The band which crosses EF in the
(0.3pi,pi)-(0.8pi,pi) line and composes the α sheet, shows
no kink [Figs. 4 (d) and (e)]. In our previous study along
the ΓX line,11 the kink was observed in the α and/or
γ FS sheets derived from the out-of-plane Ru 4dyz and
4dzx orbitals, which seems to be contrary to the present
case. Except for near the ΓX line, however, we confirmed
by the FS mapping that the kink is clearly observed for
γ FS sheet derived from the in-plane 4dxy orbital, while
not for α and β FS sheets derived from the out-of-plane
Ru 4dyz and 4dzx orbitals.
31 Hence, we believe that the
kink essentially exists only in γ FS sheet out of the three
FS sheets. Here, we estimate the mass enhancement with
respect to the band theory of the α, β and γ FS sheets
to be 2.0, 2.0 and 3.7, respectively. These values are
qualitatively consistent with the cyclotron mass in the
previous dHvA studies.15,32 Consequently, the effective
mass of the γ FS sheet, which shows the kink, is sub-
stantially enhanced in contrast to those of the α and β
FS sheets.
IV. DISCUSSION
As an origin of the observed mass enhancement, one
can first raise the on-site Ru d-d Coulomb interaction
U . Previous photoemission studies have estimated U to
be 1.3∼1.5 eV.33,34 On the other hand, the band theory
predicts a roughly 3.5 eV wide in-plane xy band, and a
narrow (1.4 eV width) out-of-plane yz and zx bands near
EF.
19 Therefore, a larger mass enhancement should be
expected for the zx band due to the substantial influence
of the Coulomb correlations, rather than for the xy band,
contrary to the ARPES results. According to the pertur-
bation theory and quantum Monte Carlo calculations for
a multiband Hamiltonian,35 the narrow yz and zx bands
are more strongly distorted by the Coulomb correlations
than the wide xy band. The charge is, then, partially
transferred from the yz and zx bands to the xy band,
leading that the Van Hove singularity of the xy band at
the M point shifts toward EF. Based on this picture, it
seems reasonable to suppose that the effective mass for
the xy band is enhanced from the LDA band mass due
to the charge transfer. However, this should be accom-
panied by a shift of kF for the xy band, which is not the
case in the ARPES spectra. Thus the mass enhancement
for the xy band is probably caused not by the Coulomb
correlations but by the kink as shown in Figs. 4 (b) and
(c).
Then what is the origin of the kink of the xy band?
In recent works on the cuprates, the kink was re-
lated to bosonic modes such as phonons3,4,6 or magnetic
excitations.7,8,9,10 Manske, Eremin, and Bennemann36
predicted a kink of Sr2RuO4 due to incommensurate an-
tiferromagnetic spin fluctuations at Qαβic ≈ (2pi/3, 2pi/3)
based on the nesting properties of the quasi-1D α and
β bands.37,38,39 According to this prediction, the quasi-
particles should be strongly renormalized due to coupling
with the spin fluctuations for the α and β bands. How-
ever, the observed kink was not in the α nor β bands
4but in the γ band. Recent neutron experiments re-
vealed another weak and broadened magnetic structure
around Qγic ≈ (0.2pi, 0.2pi), attributed to the excitation
from the γ band, in addition to the magnetic fluctua-
tions at Qαβic .
40,41 Currently, we have no definite infor-
mation on the relationship between the magnetic fluc-
tuations at Qγic and the electronic structure presented
here. On the other hand, Matzdorf et al. suggested the
strong coupling between the phonon mode corresponding
to the in-plane octahedron rotation with the Σ3 symme-
try, which was shown by neutron experiments,42 and fer-
romagnetic (FM) spin fluctuations.25 It is possible that
the Σ3 phonon mode couples strongly with the Ru 4dxy
orbital but not with the Ru 4dyz and 4dzx orbitals, be-
cause the kink appears only in the xy band in our result.
Assuming the strong coupling between the electronic
structure and the phonons, which is clearly indicated by
the oxygen isotope effect on Tc of Sr2RuO4,
43 we dis-
cuss the origin of the kink shortly.44 In a previous Ra-
man study, the electron-phonon interaction for the api-
cal oxygen vibration modes was observed.45 However, it
may be difficult to consider that the kink is caused by
the effective coupling between the zone-center apical oxy-
gen phonon modes and the in-plane xy band with the
kink. Directly relating to the in-plane Ru 4dxy orbital,
there are four in-plane oxygen phonon modes at the zone-
center for the tetragonal K2NiF4 structure; B2u, A2u,
and two E2u. The B2u and A2u modes are the out-of-
plane out-of-phase and out-of-plane in-phase vibrations
of in-plane oxygen atoms, respectively. The remaining
two E2u modes are related with the zone boundary in-
plane oxygen-stretching longitudinal optical phonon, ob-
served in the cuprates,3 and the zone-boundary in-plane
oxygen-rotation phonon42 due to the FM fluctuations
as mentioned above.25 On the other hand, Devereaux
et al. recently suggested for the bilayer cuprate Bi2212
that the out-of-plane, out-of-phase oxygen buckling mode
(B1g) couples strongly with the electronic states near the
(pi,0) point,46 in agreement with ARPES spectra.47 This
B1g mode for the bilayer cuprate corresponds to the B2u
mode for the monolayer Sr2RuO4. In order to estimate
the energy of the B2u mode, which is silent in Raman
scattering, we calculated the phonon dispersion relation
using the simple constant force model and the optical
spectra.48,49 The obtained energy (∼40 meV) is compa-
rable with the binding energy of the kink of the xy band
in Figs. 4 (b) and (c). Hence, we believe that the E2u
and B2u modes are strong candidates to explain the kink,
although more detailed studies on the phonon modes are
needed.
V. CONCLUSION
In summary, we have found orbital selectivity of the
kink in the dispersion of Sr2RuO4 by ARPES measure-
ments along the ΓM and MX lines. The kink is clearly
observed for γ FS sheet derived from the in-plane Ru
4dxy orbital, while not for α and β FS sheets derived
from the out-of-plane Ru 4dyz and 4dzx orbitals, respec-
tively. The result gives critical restrictions for the origin
of the kink.
Acknowledgments
One of the authors (Y. A.) thanks to H. Eisaki for
useful discussion. Y. A. and T. S. thank the users’
working group for valuable help during the construc-
tion of the ARPES end station at the BL-28 of Photon
Factory (KEK, Tsukuba). The sample goniometer was
partly developed under a Joint Development Research at
High Energy Accelerator Research Organization (KEK,
Tsukuba). This work was partly supported by a Grant-
in-Aid for COE Research (13CE2002) by the Ministry of
Education, Science, and Culture of Japan. We thank the
Cryogenic Center, Hiroshima University for supplying
liquid helium. The synchrotron radiation experiments
have been done under the approval of HSRC (Proposal
No. 04-A-36).
∗ To whom all correspondence should be addressed.
Electronic address: y.aiura@aist.go.jp
1 A. Kaminski, M. Randeria, J. C. Campuzano, M. R. Nor-
man, H. Fretwell, J. Mesot, T. Sato, T. Takahashi, and K.
Kadowaki, Phys. Rev. Lett. 86, 1070 (2001).
2 P. D. Johnson, T. Valla, A.V. Fedorov, Z. Yusof, B. O.
Wells, Q. Li, A. R. Moodenbaugh, G. D. Gu, N. Koshizuka,
C. Kendziora, Sha Jian, and D. G. Hinks, Phys. Rev. Lett.
87, 177007 (2001).
3 A. Lanzara, P. V. Bogdanov, X. J. Zhou, S. A. Kellar, D.
L. Feng, E. D. Lu, T. Yoshida, H. Eisaki, A. Fujimori, K.
Kishio, J.-I. Shimoyama, T. Nodak, S. Uchidak, Z. Hus-
sain, and Z.-X. Shen, Nature 412, 510 (2001).
4 Z.-X. Shen, A. Lanzara, S. Ishihara, N. Nagaosa, Philos.
Mag. B 82, 1349 (2002).
5 X. J. Zhou, T. Yoshida, A. Lanzara, P. V. Bogdanov, S. A.
Kellar, K. M. Shen, W. L. Yang, F. Ronning, T. Sasagawa,
T. Kakeshita, T. Noda, H. Eisaki, S. Uchida, C. T. Lin, F.
Zhou, J. W. Xiong, W. X. Ti, Z. X. Zhao, A. Fujimori, Z.
Hussain, and Z.-X. Shen, Nature 423, 398 (2003).
6 G.-H. Gweon, T. Sasagawa, S.Y. Zhou, J. Graf, H. Takagi,
D.-H. Lee, and A. Lanzara, Nature 430, 187 (2004).
7 D. J. Scalapino, Science 284, 1282 (1999).
8 J. P. Carbotte, E. Schachinger, and D. N. Basov, Nature
401, 354 (1999).
9 H. He, P. Bourges, Y. Sidis, C. Ulrich, L. P. Regnault,
S. Pailhe`s, N. S. Berzigiarova, N. N. Kolesnikov, and B.
Keimer, Science 295, 1045 (2002).
10 M. Norman, Nature 427, 692 (2004).
11 Y. Aiura, Y. Yoshida, I. Hase, S. I. Ikeda, M. Higashiguchi,
5X.Y. Cui, K. Shimada, H. Namatame, M. Taniguchi, and
H. Bando, Phys. Rev. Lett. 93, 117005 (2004).
12 Y. Maeno, H. Hashimoto, K. Yoshida, S. Nishizaki, T. Fu-
jita, J.G. Bednorz, and F. Lichtenberg, Nature 372, 532
(1994).
13 K. Ishida, H. Mukuda, Y. Kitaoka, K. Asayama, Z. Q.
Mao, Y. Mori, Y. Maeno, Nature 396, 658 (1998).
14 Y. Maeno, T. M. Rice, and M. Sigrist, Physics Today 54,
42 (2001).
15 A. P. Mackenzie, S. R. Julian, A. J. Diver, G. J. McMullan,
M. P. Ray, G. G. Lonzarich, Y. Maeno, S. Nishizaki, and
T. Fujita, Phys. Rev. Lett. 76, 3786 (1996).
16 A. Damascelli, D. H. Lu, K. M. Shen, N. P. Armitage, F.
Ronning, D. L. Feng, C. Kim, Z.-X. Shen, T. Kimura, Y.
Tokura, Z. Q. Mao and Y. Maeno, Phys. Rev. Lett. 85,
5194 (2000).
17 T. Oguchi, Phys. Rev. B 51, 1385 (1995).
18 D. J. Singh, Phys. Rev. B 52, 1358 (1995).
19 I. Hase and Y. Nishihara, J. Phys. Soc. Jpn. 65, 3957
(1996).
20 I. I. Mazin and D. J. Singh, Phys. Rev. Lett. 79, 733
(1997).
21 The momentum size is defined so that the reciprocal vec-
tor at the midpoint between the Γ and Z points is scaled
to pi. That is, pi corresponds to pi/a, where a is the lat-
tice constant. For convenience, the midpoint is called the
M point, which is used in simplified 2D Brillouin zone.
Furthermore, it is assumed that the x axis corresponds to
the direction of the ΓZ line. Symmetry symbols are taken
from the notation used in the band calculation for the same
body centered tetragonal structure La2CuO4; K. Takega-
hara, H. Harima, and A. Yanase, Jpn. J. Appl. Phys. 26,
L352 (1987).
22 S. I. Ikeda, U. Azuma, N. Shirakawa, Y. Nishihara, and Y.
Maeno, J. Cryst. Growth. 237-239, 787 (2002).
23 Y. Yoshida, A. Mukai, R. Settai, K. Miyake, Y. Inada,Y.
Onuki, K. Betsuyaku, H. Harima, T. D. Matsuda, Y. Aoki,
and H. Sato, J. Phys. Soc. Jpn. 68, 3041 (1999).
24 Z.Q. Mao, Y. Maeno, and H. Fukazawa, Mater. Res. Bull.
35, 1813 (2000).
25 R. Matzdorf, Z. Fang, Ismail, Jiandi Zhang, T. Kimura, Y.
Tokura, K. Terakura, and E. W. Plummer, Science 289,
746 (2000).
26 K. M. Shen, A. Damascelli, D. H. Lu, N. P. Armitage, F.
Ronning, D. L. Feng, C. Kim, Z.-X. Shen,D. J. Singh, I.
I. Mazin, S. Nakatsuji, Z. Q. Mao, Y. Maeno, T. Kimura,
and Y. Tokura, Phys. Rev. B 64, 180502 (2001).
27 S.-C.Wang, H.-B.Yang, A. K. P. Sekharan, H. Ding, J. R.
Engelbrecht, X. Dai, Z.Wang, A. Kaminski, T.Valla, T.
Kidd, A.V. Fedorov, and P. D. Johnson, Phys. Rev. Lett.
92, 137002 (2004).
28 K. Shimada, M. Arita, T. Matsui, K. Goto, S. Qiao, K.
Yoshida, M. Taniguchi, H. Namatame, T. Sekitani, K.
Tanaka, H. Yoshida, K. Shirasawa, N. Smolyakov, and A.
Hiraya, Nucl. Instrum. Methods Phys. Res. A 467-468,
504 (2001).
29 K. Shimada, M. Arita, Y. Takeda, H. Fujino, K.
Kobayashi, T. Narimura, H. Namatame, and M. Taniguchi,
Surf. Rev. Lett. 9, 529(2002).
30 Y. Aiura, H. Bando, T. Miyamoto, A. Chiba, R. Kitagawa,
S. Maruyama, and Y. Nishihara, Rev. Sci. Instrum. 74,
3177 (2003).
31 This situation is similar to the cuprate case in which
the phonon modes relevant to the kink are different
between along the node direction and the anti-node
direction3,4,46,47. Assuming that the kink is caused by the
electron-phonon coupling, it is likely that the phonon vi-
bration mode to couple the electronic structure along the
ΓX line is different from that along the ΓM line.
32 A. P. Mackenzie and Y. Maeno, Rev. Mod. Phys. 75,
657(2003).
33 T. Yokoya, A. Chainani, T. Takahashi, H. Katayama-
Yoshida, M. Kasai, Y. Tokura, N. Shanthi, and D. D.
Sarma, Phys. Rev. B 53, 8151 (1996).
34 I. H. Inoue, A. Kimura, A. Harasawa, A. Kakizaki, Y.
aiura, S. Ikeda, and Y. Maeno, J. Phys. Chem. Solids 59,
2205 (1998).
35 A. Liebsch and A. Lichtenstein, Phys. Rev. Lett. 84, 1591
(2000).
36 D. Manske, I. Eremin, and K. H. Bennemann, Phys. Rev.
B 67, 134520 (2003).
37 I. I. Mazin and D. J. Singh, Phys. Rev. Lett. 82, 4324
(1999).
38 Y. Sidis, M. Braden, P. Bourges, B. Hennion, S. NishiZaki,
Y. Maeno, and Y. Mori, Phys. Rev. Lett. 83, 3320 (1999).
39 D. K. Morr, P. F. Trautman, and M. J. Graf, Phys. Rev.
Lett. 86, 5978 (2001).
40 M. Braden, Y. Sidis, P. Bourges, P. Pfeuty, J. Kulda, Z.
Mao, and Y. Maeno, Phys. Rev. B 66, 064522 (2002).
41 N. Kikugawa, C. Bergemann, A. P. Mackenzie, and Y.
Maeno, Phys. Rev. B 70, 134520 (2004).
42 M. Braden, W. Reichardt, S. Nishizaki, Y. Mori, and Y.
Maeno, Phys. Rev. B 57, 1236 (1998).
43 Z. Q. Mao, Y. Maeno, Y. Mori, S. Sakita, S. Nimori, and
M. Udagawa, Phys. Rev. B 63, 144514 (2001).
44 We only consider the in-plane orbital character here be-
cause the kink is observed in the γ band with in-plane
character in the most of the Brillouin zone except for along
the ΓX line (see Ref. 31).
45 S. Sakita, S. Nimori, Z.Q. Mao, Y. Maeno, N. Ogita, and
M. Udagawa, Phys. Rev. B 63, 134520 (2001).
46 T. P. Devereaux, T. Cuk, Z.-X. Shen, and N. Nagaosa,
Phys. Rev. Lett. 93, 117004 (2004).
47 T. Cuk, F. Baumberger, D. H. Lu, N. Ingle, X. J. Zhou,
H. Eisaki, N. Kaneko, Z. Hussain, T. P. Devereaux, N. Na-
gaosa, and Z.-X. Shen, Phys. Rev. Lett. 93, 117003 (2004).
48 M. Udagawa, T. Minami, N. Ogita, Y. Maeno, F. Naka-
mura, T. Fujita, J.G. Bednorz, and F. Lichtenberg, Physica
B 219-220, 222 (1996).
49 T. Katsufuji, M. Kasai, and Y. Tokura, Phys. Rev. Lett.
76, 126 (1996).
